Evidence of newly generated neurons in the human olfactory bulb.
The subventricular zone (SVZ) is known to be the major source of neural stem cells in the adult brain. In rodents and nonhuman primates, many neuroblasts generated in the SVZ migrate in chains along the rostral migratory stream (RMS) to populate the olfactory bulb (OB) with new granular and periglomerular interneurons. In order to know if such a phenomenon exists in the adult human brain, we applied single and double immunostaining procedures to olfactory bulbs obtained following brain necropsy in normal adult human subjects. Double immunofluorescence labelling with a confocal microscope served to visualize cells that express markers of proliferation and immature neuronal state as well as markers that are specific to olfactory interneurons. Newborn cells that express cell cycle proteins [Ki-67, proliferating cell nuclear antigen (PCNA)] were detected in the granular and glomerular layers (GLs) of the human olfactory bulb; these cells coexpressed markers of immature neuronal state, such as Doublecortin (DCX), NeuroD and Nestin. Numerous differentiating cells expressed molecular markers of early committed neurons [beta-tubulin class III (TuJ1)] and were also immunoreactive for glutamic acid decarboxylase (GAD), a marker of GABAergic neurons, or tyrosine hydroxylase (TH), a marker of dopaminergic neurons. Other early committed neurons expressed the calcium-binding proteins calretinin (CR) or parvalbumin (PV). These results provide strong evidence for the existence of adult neurogenesis in the human olfactory system. Despite its relatively small size compared to that in rodents and nonhuman primates, the olfactory bulb in humans appears to be populated, throughout life, by new granular and periglomerular neurons that express a wide variety of chemical phenotypes.